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Background
• Distinct effects of LDR has been recognized 

more than 30 years, and extensively confirmed 
by studies in cultured cells in vitro and tissues in 
vivo, as shown by hormesis and adaptive 
response.

• However, few studies on the potential 
application of these LDR-induced hormesis and 
adaptive response in clinical setting have been 
explored.
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1999

Can we use the hormesis and/or 
adaptive response induced by LDR to 

clinic setting?
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Normal Diabetes

Diabetes is a metabolic disorder that is 
characterized by high blood glucose and either 
insufficient or ineffective insulin.  5.9% of the 
population in the United States has diabetes, 

or
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Type 1 diabetes –
Failure to produce insulin

Approximately 1.7 million people with 
type 1 diabetes in USA.

Type 2 diabetes 
Insulin resistance

Approximately 16 million people with 
type 2 diabetes in USA.

* However, type-1 diabetes markedly increase
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Cardiomyopathy

Retinopathy

Nephropathy

Neuropathy

Skin/food ulcer

Diabetes ComplicationsDose-Response 2010



Physiol Chem Phys Med NMR. 1995;27(3):149-59.  

Protection against alloxan diabetes by low-dose 60Co gamma irradiation before 
alloxan administration.

Takehara Y, Yamaoka K, Hiraki Y, Yoshioka T, Utsumi K.

Center for Adult Diseases, Institute of Medical Science, Okayama, Japan.

They evaluated the protective effects of a single low-dose whole body 60Co gamma 
irradiation against alloxan-induced hyperglycemia in rats. 

i) In rats that did not receive alloxan, the superoxide dismutase (SOD) activity in 
the pancreas significantly increased after irradiation at a dose of 0.5 or 1.0 Gy.

ii) In rats that received alloxan, plasma lipid peroxide levels, pancreatic lipid peroxide 
levels and blood glucose were increased. However, the increase in pancreatic lipid 
peroxide level was prevented by irradiation at a dose of 0.5 or 1.0 Gy; and the 
increase in blood glucose was prevented by irradiation at 0.5 Gy.

iii) After alloxan administration, degranulation was observed in beta cells, but this was 
prevented by low-dose irradiation at 0.5 Gy.
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• Nonobese diabetic (NOD) mice were treated with gamma irradiation and the 
progression of the disease was monitored.

• Hyperglycemia was first detected at 15 weeks of age in the control NOD 
mice, whereas it was delayed as long as 7 weeks when the mice received a 
single dose of 0.5 Gy total-body irradiation between 12 and 14 weeks of age.

• Both suppression of cell death by apoptosis and an increase in superoxide 
dismutase (SOD) activity were observed in the pancreas 1 week after 
irradiation.
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LDR prevention of the development 
of diabetes in NOD mice.  

Pane A represents the time point at 
which the first mouse from the groups 
with single LDR (0.5 Gy) at 12, 13 or 

14 wks of age and without LDR 
(control group) spontaneously 

developed diabetes (hyperglycemia).  

Results indicate that the first mouse 
developed diabetes is at 22 wks of 

age in the group of mice with LDR at 
13 wks of age, which is 7 weeks later 

than that (15 wks of age) in control 
group. 

Panel B represents the incidence of 
diabetic mice in different groups. 

Results indicate that 10 % of mice 
with LDR at 13 wks of age developed 

diabetes at 24 wks of age, which is 
much lower than those in control and 

other LDR-treated groups.

Takahashi et al. (2000). 

7 wks
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db/db + 
LDR

(940 μGy/h)

Glucose 
tolerance 

test

Insulin 
tolerance 

test
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Summary & Question
• LDR prevented ALX-induced diabetes in rat 

model and also spontaneously developed 
non-obese diabetic (NOD) mouse model.

• LDR also reduce glucose level in type 2 
diabetes, and preserve the insulin secretion

Does LDR also prevent 
diabetic complications?
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• Diabetes 
decreases BrdU 
intake in brain 
tissue (B)

• Single dose of 10 
mGy (C) or 100 
mGy (D) radiation 
prevents diabetic 
inhibition of BrdU 
intake.

• Diabetes increase 
brain tissue 
apoptotic cell 
death

• 10 mGy (C), 100 
mGy (D) and even 
1 Gy (E) reduced 
diabetic apoptotic 
cell death in brain 
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Possibilities for LDR’s prevention of 
diabetes and diabetic complications

LDR

Autoimmune 
reaction

STZ or ALX
ROS/RNS         Diabetes ROS/RNS Diabetic 

complications

Immuno-
modulation

Antioxidant  
capacity
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&                   

target cell 
proliferation

Systemic & 
wound regional 
microcirculation

LDR

Autoimmune 
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complications
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LDR’s prevention of renal 
inflammation and damage

S
T
Z

Diabetic 

25 m Gy X-rays every two days 
for 2, 4, 8, 12, and 16 weeks

Harvest & examine cardiac inflammation 
and oxidative damage

Mice
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Zhang C et al. Am J Physiol. Endoc & Metab. 
2009, 297: 1366-1377.
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2007 Mar;48(2):113-20. 
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LDR’s prevention of cardiac 
inflammation and damage

S
T
Z

Diabetic 

25 m Gy X-rays every two days 
for 2, 4, 8, 12, and 16 weeks

Harvest & examine cardiac inflammation 
and oxidative damage

Mice
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LDR’s prevention of diabetes-
induced testicular apoptosis
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Serum/testicular
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Does LDR also have 
certain therapeutic 
effect on diabetes-

complications?
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LDR’s therapeutic effect on diabetic 
wound healing

S
T
Z

Diabetic 

75 m Gy X-rays for 5 days, 2 day 
break & 5 days …

60 days

day 5         10               15

Non-diabetic mice with skin wound

Diabetic mice with skin wound

Diabetic mice with skin wound/LDR

CompareRats

Dose-Response 2010



Dose-Response 2010



Dose-Response 2010



25, 50, 75 or 100 m Gy X-rays

Bone marrow 
and blood stem 

cell levels

Mice

Control

G-CSF

LDR
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Summary
• LDR prevents type 1 diabetes, and reduce 

glucose level in type 2 diabetes.
• LDR can prevent diabetes-induced neuronal 

damage 
• LDR can prevent diabetes-induced cardiac and 

renal inflammation and damage
• LDR can prevent diabetes-induced testicular 

damage via up-regulation of antioxidant levels.
• More importantly, LDR provides a therapeutic 

effect on diabetic wound healing.
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Possible mechanisms
• LDR stimulate the target tissue antioxidant 

capacity (testicular antioxidants)

• LDR stimulate target tissue cell proliferation to 
replace the damage cells

• LDR has hypoglycemic effect in type 1 and type 
2 diabetic models

• LDR stimulate stem cells to injured tissue to 
recover the damage tissue.

• Hormesis, adaptive response and by-stander 
effects
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Possibilities for LDR’s prevention of 
diabetes and diabetic complicationsDose-Response 2010



Is it potentially applied in clinics?
How to balance?

LDR 
benefits

LDR 
risks
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Thank you!
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